ABSTRACT. Anti-inflammatory properties of both baicalin and catechins
INTRODUCTION

Current use of prescription and over the counter non-steroidal anti-inflammatory drugs (NSAIDs) has been limited due to untoward gastrointestinal and cardiovascular-related side effects. UP446, a standardized bioflavonoid composition with primarily baicalin from the roots of Scutellaria baicalensis (S. baicalensis) and (+)-catechin from the heartwoods of Acacia catechu (A. catechu), has been used in both over the counter joint care dietary supplements and a prescription medical food. This natural flavonoid composition reduces production of eicosanoids through inhibition of cyclooxygenase-1 (COX-1), cyclooxygenase-2 (COX-2), and 5-lipoxygenase (5-LOX) enzymes
and also decreases expressions of inducible nitric oxide synthase (iNOS), , and tumor necrosis factor-alpha (TNF-α) (Altavilla et al., 2009) .
Augmented numbers of animal models have been developed in order to study nociception and the action of various analgesic drugs in animals. Most of these tests have overlapping mechanisms of action in pain perception in response to irritants.
All models share hyperalgesia consistent with the action of prostaglandins for local peripheral sensitization and centrally mediated nociception pathways (Ferreira, Lorenzetti, & Correa, 1978) . However, it is not uncommon to find bradykinin, histamine, and serotonin, as well as many other vasoactive substances that are released in acute inflammatory responses. Intraplantar injection of carrageenan into rat hind paw produces inflammation characterized by increased edema and plasma protein exudation with neutrophil extravasations and elevated metabolites of arachidonic acid from cyclooxygenase (COX) and lipoxygenase pathways (Gamache, Povlishock, & Ellis, 1986) . Research has also shown that carrageenan-induced inflammation in rats is associated with distinct phases in the inflammatory process. The initial phase lasting for 30-60 min after carrageenan injection is dominated by the release of histamine, serotonin, and kinins and then mediated by prostaglandin and leukotrienes, which act relatively late in the development of inflammation response. NSAIDs are known to prevent hyperalgesia of inflammation by blocking the prostaglandin pathway (Flower, 1974) . (Dubuisson and Dennis, 1977 (Dubuisson & Dennis, 1977 (Collier, Dinneen, Johnson, & Schneider, 1968; Moore, Oluyomi, Babbedge, Wallace, & Hart, 1991; 2000 (Adedapo, Sofidiya, Masika, & Afolayan, 2008) , butanolic fraction of dried leaves of Acacia pennata in writhing and formalin mouse model (Dongmo, Nguelefack, & Lacaille-Dubois, 2005) , baicalin in carrageenan evoked thermal hyperplasia (Chou, Chang, Li, Wong, & Yang, 2003) , myricitrin and gossypin in writhing mouse model (Meotti et al., 2006; Viswanathan, Sambantham, Reddy, & Kameswaran, 1984) , Oligomeric procyjanidin, rutin, hyperoside, and quercetin in hot plate test (Rylski, Duriasz-Rowinska, & Rewerski, 1979) have shown variable degrees of analgesic activity. Dose-dependent antinociceptive activity was also observed in acacia honey-treated mice in tail-flick and paw-withdrawal tests (Azim, Perveen, Mesaik, & Simjee, 2007) . Similarly, in structure-activity study, some methoxy derivatives of flavone showed antinociceptive effect in acetic acid writhing and tail-flick mouse models (Thirugnanasambantham et al., 1993 
Intraplantar injection of formalin is a commonly used model for acute inflammatory pain, in which rodents display spontaneous nociceptive behaviors comprised of flinching or licking or biting of the affected paw in two distinct phases
MATERIALS AND METHODS
Preparation of UP446
Detailed method for preparation of the two major flavonoids, baicalin and catechin, from the roots of S. baicalensis and the heartwoods of A. catechu, respectively, were disclosed in a US patent (Jia, 2007) (Gamache et al., 1986; Guay, Bateman, Gordon, Mancini, & Riendeau, 2004; Huang, Lee, & Yang, 2006; dos Santos, Almeida, Lopes, & de Souza, 2006 (Vivancos, et al., 2003 (Hamilton Company, Reno, Nevada, (Badilla, Mora, Lapa, & Emim, 1999; Dubuisson & Dennis, 1977; Kanegusuku et al., 2007; Tjolsen, Berge, Hunskaar, Rosland, & Hole, 1992; Zhang, Li, Zhang, Ding, & Du, 2007 
Carrageenan-Induced Inflammation
Local inflammation was induced by intraplantar injection of carrageenan λ (Sigma, St. Louis, MO; 100 µl of 1% [w/v] in saline) into the plantar surface of right hind paw of sedated rat (with 2.5% isoflurane) at time 0 (T = 0)
RESULTS
Carrageenan-Induced Hyperalgesia
The intraplantar injection of carrageenan in rats led to time-dependent increase in paw volume that was maximal after 4 hr and remained elevated thereafter. As shown in Table 1 (Figure 1) . These fold reductions in paw edema for both ibuprofen and UP446 treatment groups were statistically significant at each time point considered except ibuprofen group at 6 hr. (Figure 2 ). Comparable inhibition was also observed for ibuprofen-treated animals (i.e., 64.1% reduction) (Figure 2) . No statistically significant difference in inhibition was observed when ibuprofen and UP446 data were compared (P = .56). (Moncada, Ferreira, & Vane, 1973) . These prostanoids exhibit both proinflammatory and pronociceptive activity by potentiating the biological effects of other proinflammatory mediators including kinins, histamine, and serotonin during acute inflammation. Nevertheless, the side effects of these commonly prescribed or over-the-counter drugs in the gastric mucosa and cardiovascular system limit their clinical utilization (Wallace, McKnight, Wilson, Del Soldato, & Cirino, 1997 (Burnett et al., 2007) and also decreases gene and protein expressions of proinflammatory iNOS, NF-kB, and TNF-α (Altavilla et al., 2009) . The safety profiles of individual bioflavonoids and the standardized composition, UP446, have already been reported (Burnett et al., 2007; Chou et al., 2003; Isbrucker & Burdock, 2006) . Burnett et al. concluded (Flower, 1974) . The early released bradykinin and the late PGE2 in this model are believed to be responsible for the development of edema and also for the sustained pain that accompanies the inflammatory reaction as they are able to sensitize primary afferent neurons (Tjolsen et al., 1992) . Therefore, the analgesic and antiedema activity of UP446 observed in this study could partially attribute to the ability of these bioflavonoid compounds to block COX-mediated biosynthesis of PGE 2 and reduce proinflammatory cytokines. In agreement with our findings, Chou et al. reported that the anti-inflammatory and analgesic mechanism of baicalin may be associated with the inhibition of critical inflammatory mediators, including reduction gene expressions of COX-2 enzyme and proinflammatory cytokines (Chou, et al. 2003) . Other studies conducted in aqueous extract of Acacia karroo stem bark, a similar class of A. catechu, have also shown the antinociceptive activity of bioflavonoids in carrageenan-induced rat pain model (Adedapo et al., 2008 (Dongmo et al., 2005 (Adedapo et al., 2008) , Acacia pennata (Dongmo et al., 2005) , gossypin (Viswanathan et al., 1984) , myricitrin (Meotti et al., 2006) , methoxy derivatives of flavone (Thirugnanasambantham et al., 1993) 
Formalin Test
Intraplantar injection of formalin (2.5%) in CD-1 mice elicited a biphasic nociceptive response compromising flinching, leg raising, biting, and licking of the injected paw. Though previously reported formalin test-related antipain screenings limit their nociceptive reactions for the first 40 min after formalin injections, we have plotted our observations in two time blocks, which included the duration between
DISCUSSIONS
Anti-inflammatory and analgesic activities of NSAIDs have been extensively employed for decades. The mechanism of action is widely believed to involve inhibition of COX-mediated biosynthesis of prostacyclin (PGI 2 ) and prostaglandin E 2 (PGE 2 )
